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@ Nickel ylides. 

@ A new group of nickel ylides is provided that is 
highly active at relatively low operating temperatures 
and pressures in the oligomerization of ethylene. The 
compounds can be defined by the following Formula I: 



R. 



CM 
< 




wherein R„ R a , Ra. FU. Rs, FL. Rr and R, are either alike 
or different members selected from the group consisting 
^ of hydrogen, alkyl radicals having from about one to 
flj about 24 carbon atoms, preferably from about one to 
M about 10 carbon atoms; aryl radicals having from about 
six to about 20 carbon atoms, preferably from about six 
(Q to about 10 carbon atoms; alkenyi radicals having from 
«h about two to about 30 carbons atoms, preferably from 
about two to about 20 carbon atoms; cycloalkyi radicals 
" having from about three to about 40 carbon atoms, pref- 
A erably from about three to about 30 carbon atoms; 
w aralkyi and alkaryl radicals having from about six to 

a about 40 carbon atoms, preferably from about six to 
|a| about 30 carbon atoms; a halogen radical selected from 
U" the group consisting of fluorine, chlorine, bromine and 



iodine, preferably chlorine; a hydroxy! group; an alkoxy 
or aryloxy group; and a hydrocarbyl group, such as 
defined above, carrying halogen, hydroxyl or alkoxy or 
aryloxy; provided that at least one, preferably from 
about one to about four, of each of Ri to R, Is a sul- 
fonate group (-SO,") or an alkyl, aryl, alkenyi, cyclo- 
alkyi. aralkyi or alkaryl group carrying a sulfonate group; 
M is sulfur or oxygen, preferably oxygen; E is phospho- 
rus, arsenic, antimony or nitrogen, preferably phospho- 
rus; and F is phosphorus, arsenic or antimony, preferably 
phosphorus. 
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NICKEL YLIDES 



Cross-References to 
Related Applications 



Reference is made to applicants* following U.S. 

applications: ^ 

U.S. Patent application Serial No. //7 0/5 , 
filed /f AtQuef fifb , entitled -Process for the . Pre- 
paration of Nickel Ylides Containing Sulfonated Group V 
Ligands" . 



application Serial No. 
filed // /U&rtf flfO , entitled "Brocess for the Pre- 



D.S. Patent 



paration of Nickel Ylides Containing Ylide Ligands With 
a Sulfonated Group V Component". • p 

O.S. Patent application Serial No. friOlQ , 
filed /& &4buof'fif0 , entitled "Process for the Pre- 
paration of Nickel Ylides Containing Directly Sulfonated 

Ylide Ligands". 

U.S. Patent application Serial No. jj9ti7&, 
filed // 4m*ot /9ft) . entitled "Process for the- Oligo- 
mer! zatlonof^^haOlef ins" . 

• < U.S. Patent -application Serial No. //70&&* 
filed' /P jit&Hif iQfO , entitled "Process for the .Oligo- 
mer! zationofMSthylene in Methanol". 

The disclosures of the. foregoing applications 
are hereby incorporated by reference. •" 
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Field Of The Invention 

The present invention relates to novel nickel 
ylides which are useful as catalysts for the oligomeriza- 
tion of ethylene. 
Description Of The Prior Art 

It is well known in the art to use a variety of 
catalysts to oligomerize ethylene to higher molecular 
weight olefins. The term "oligomerize" has been employed, 
and is employed herein to describe the conversion of lower 
olefins such as ethylene to olefinic products of higher 
molecular weight, e.g., to dimer, trimer, tetramer and the 
like. The reaction rate and product distribution obtained 
are highly dependent on the exact catalyst composition and 
the reaction conditions employed. Two such general 
classes of catalysts are the "Ziegler" types consisting of 
aluminum trialkyls and the " Ziegler-Natta" types consist- 
ing of aluminum alkyls or alkyl halides and titanium hal- 
ides. Major disadvantages of aluminum alkyl catalysts are 
their highly reactive and pyrophoric nature and the fact 
that they must be used at relatively high temperatures-, 
e.g.,. 200-275'C. and pressures, e.g., 2000-4000 psig 
(13,790 to 27,580 kPa) . Although much milder reaction 
conditions are used when the aluminum alkyls are used in 
conjunction with titanium halides, product quality and 
ease of catalyst separation from products of both ©f these 
prior art types of catalysts are not as high as desired. 

An article by W. Keim t F.H. Kowaldt, R. Goddard 
and C. Kruger entitled "Novel Coordination o£ (Benzoyl- 
methylene) triphenylphosphorane in a Nickel Oligomerization 
Catalyst", in Angew. Chem. Int. Ed. Engl. (1978) No. 6, 
page 466, discloses a nickel ylide having the structure: 
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It is reported that this compound converts ethylene into 
alpha olefins or polyethylene. 
Summary Of The Invention 

^ A new group of nickel ylides has now been found 

that is highly active at relatively low operating tempera- 
tures and pressures in the oligomerization of ethylene. 
The compounds can be defined by the following Formula It 




wherein R x , R 2 , R3, R 4 , Rgr R g r and R g are either alike 
or different members selected from the group consisting of 
hydrogen, alkyl radicals having from about one to about 24 
carbon atoms, preferably from about one to about 10 carbon 
atoms; aryl radicals having from about six to about 20 
carbon atoms, preferably from about six to about 10 carbon 
atoms; alkenyl radicals having from about two to about 30 
carbons atoms, preferably from about two to about 20 car- 
bon atoms; cycloaikyl radicals having from about three to 
about 40 carbon atoms, preferably from about three to 
about 30 carbon atoms; aralkyl and alkaryl radicals having 
from about six to about 40 carbon atoms, preferably from 
about six to about 30 carbon atoms; a halogen radical 
selected from the group consisting of fluorine, chlorine, 
bromine and iodine, preferably chlorine; a hydroxyl group; 
an alkoxy or aryloxy group; and a hydrocarbyl group, such 
as defined above, carrying halogen, hydroxyl or alkoxy or 
aryloxy; provided that at least one, preferably from about 
one to about four, of each of R^ to R Q is a sulfonato 
group (-SO-") or an alkyl, aryl, alkenyl, cycloaikyl. 



• 
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aralkyl or alkaryl group carrying a sulfonato group? M is 
sulfur or oxygen, preferably oxygen? B is phosphorus, 
arsenic, antimony or nitrogen, preferably phosphorus; and 
P is phosphorus, arsenic or antimony* preferably phosphor- 
us. Specific examples of such nickel ylides are set forth 
in Table I. In this table and as used elsewhere herein, 
"Ph" represents phenyl and "Et" represents ethyl. 
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When used to oligomerize ethylene the compounds 
of the present invention are characterized by a relatively 
" high reaction rate at low temperatures and pressures. 
Their use results in the production of relatively high 
proportions of desirable trimer, tetramer, pentamer, and 
higher olefinic products. Additionally, they do not ex- 
hibit pyrophoric behavior and can be used at lower tem- 
peratures and pressures than conventional aluminum alkyl 
catalysts. 

10 The presence of the sulfonato group in the 

nickel ylide catalysts of this invention induces solu- 
bility in polar solvents such as water or methanol.. This 
allows conducting the catalytic reaction in a two-phase 
system to facilitate product removal and separation or the 
use of extractive techniques, e.g., by the use of aqueous 
ammonium hydroxide, not possible with the corresponding 
nickel ylides which do not contain a sulfonato group. 
Description Of The Preferred Embodiments 

"~ The novel nickel ylide compounds of this inven- 

20 tion can be prepared using several different procedures. 
The following procedure. Procedure I, relates to the pre- 
paration of novel nickel ylides wherein the sulfonato 
group is located in R 4 , R 5 and/or R g and at least one 

of R 4 , R 5 and R g is aryl. 

The first step in Procedure I involves sulfonat- 
ing a ligand defined by the formula: 




wherein R 4 to Rg and E are as defined above, provided 
that at least one of R 4 , Rg and R g is an aryl group as 
defined above using SO s in the presence of a strong in- 
30 organic mineral acid, such as sulfuric acid, hydrochloric 



046331 



- 9 - 

acid r nitric acid, phosphoric acid, etc. Specific exam- 
ples of such ligands that can be used include: allyidi- 
phenylphosphine; benzyldiphenylphosphine; bis(3-aminopro- 
py 1 ) phe nylphosph ine ; b i s ( 2- cy anoe thyl ) phenylphosph ine ; 
bis (m-f luorophenyl ) phosphinous chloride ; 4-bromophenyldi- 
phenylphosphine ; n-butyldiphenylphosphine ; t-butyldiphen- 
ylphosphine; 2-cyanoethyldiphenylphosphine ; cyclohexyldi- 
phenylphosphine ; n-decylphenylphosphine ; diallylphenyl- 
phosphine ; di-n-araylphenylphosphine ; di-sec-butylphenyl- 
10 phosphine; dicyclohexylphenylphosphine; di-e thyl phenyl- 
phosphine ; di-n-heptylphenylphosphine ; di-n-hexylphenyl- 
phosphine ; d imethylphenylphosphine ; dimethyl-p- tolylphos- 
phine; diphenyl-n-butoxyphosphine; diphenylchlorophosphine; 
diphenylenephenylphosphine ; diphenylethoxyphosphine ; d i- 
phenylme thoxyphosphine ; d iphenylphosphine ; beta-diphenyl- 
phosphinoethyltriethoxysilane; di-iso-propylphenylphos- 
phine; di-o-tolylphenylphosphine;* divinylphenylphosphine; 
ethyldiphenylphosphine; n-hexyldiphenylphosphine ; o- 
methoxyphenyldiphenylphosphine; { 2-methylbutyl)diphenyl- 

20 phosphine; methyldiphenylphosphine; methylethylphenylphos- 
phine; methylphenylphosphine; neomenthyldiphenylphosphine; 
pentaf luorophenyldiphenylphosphine; { 2-phenylbutyl ) di- 
phenylphosphine; phenyldi-n-butoxyphosphine; phenyldi- 
chlorophosphine; phenyldie thoxyphosphine; phenyldimethoxy- 
phosph ine ; phenylphosphine ; isopropyldiphenylphosphine ; 
n-propyldiphenylphosphine; o-tolyldiphenyl phosphine; p- 
tolyldiphenylphosphine; tribenzylphosphine; tris(m-chloro- 
phenyl ) phosphine ; tr is ( p-chlorophenyl ) phosphine ; _tr i ( 1- 
naph thyl) phosphine ; tr iphenylphosphine ; tr is ( 4-dimethyl- 

30 aminophenyl ) phosphine ; tr is ( p-f luorophenyl ) phosphine ; 
tr is (o-methoxyphenyl ) phosphine ; tr is (p-methoxyphenyl ) phos- 
phine ; tri-o-tolylphosphine ; tri-m-tolylphpsphine ; tr i-p- 
tolylphosphine ; vinyld iphenylphosphine ; sodium diphenyl- 
phosphinebenzene-3-sulfonate; dis&dium phenylphosphine- 
bis(benzene-3-sulfonate) ; dirae€!hyl:9henylarsine; methyldi- 
phenylarsine; triphenylarsine; tri-p-tolylarsine ; di- 
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phenylchloroarsine; triphenyl antimony? triphenylamine; 
tribenzylaminej methyldiphenylaminey and dimethylphenyl- 

• amine. 

It is preferred to use fuming sulfuric acid 
(H 2 S0 4 . x S0 3 , where x can be, for example, from about 
0.1 to about 0.6, preferably from about 0.2 to about 0.4). 
The amount of S0 3 is not critical and can vary over a 
wide range, for example, at least about one mole per mole 
of ligand, preferably from about two to about 20 moles per 
10 mole of ligand. The two reactants are stirred and heated 
at a temperature of about 0* to about 200'C, preferably 
about 40' to about 100' C, for about one minute to about 
48 hours, preferably for about 30 minutes to about four 
hours. Any suitable pressure can be used, although atmos- 
pheric pressure is preferred. At the end of this period 
the reactor contents are cooled to a temperature of about 
-30* to about 50*C, preferably about room temperature 
{about 26*C), after which sufficient water and a suitable 
base, such as an alkaline metal hydroxide, an alkali metal 
20 alkoxide, ammonium hydroxide, a hydrocarbyl-substituted 
ammonium hydroxide, etc. are added thereto to crystallize 
the sulfonated ligand out of solution. For example, the 
amount of water used can range from about 10 milliliters 
to about 10 liters per mole of sulfonated ligand. The 
crystals can be recovered in any suitable manner, for ex- 
ample, by filtration, decantation or by centrif uging. 

In the second step of Procedure 1, the sulfon- 
ated ligand obtained in the first step is reacted with any 
zero valent nickel compound, or any nickel compound con- 
30 vertible to a zero valent nickel compound in situ r and a 
ylide defined by the following Formula IXs 

. ■"■ »£< ?7 f 

R 2 — T - C - C ~ Rg. 
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. _ „ o « p . M and F are as defined above, 
wherein R^* R 2 ' R 3' i 8' n . . 

Specific examples of such nickel compounds which can be 
used include: tris(triphenylphosphine) nickel; bis(cyclo- 
octadiene) nickel; tetrakis(triphenylphosphine) nickel; bis- 
(norbornadiene)nickel; (cycloocta-l,5-diene)duroquinone 
nickel; (dicyclopentadiene)duroquinone nickel; bis(tetra- 
cyclone) nickel; tetrakis( triethylphosphine) nickel; tris- 
(triethylphosphine)nickel; bis (triphenylphosphine) nickel 
dicarbonyl; nickel carbonyl; nickel (II) ace tylacetonate; 
nickelocene; bis( triethylphosphine)nickel(II)chloride; 
tetrakis(trifluorophosphine) nickel; nickel acetate; nickel 
bromide; nickel carbonate; nickel chloride; nickel fluor- 
ide; nickel iodide; nickel nitrate; nickel sulfate; nickel 
2,4-pentanedionate; bis ir-allyl nickel; and nickel di- 
chloride hexaamine. Specific examples of ylides coming 
within the definition of Formula II are set forth in Table 



II. 
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In this second step approximately equal molar 
amounts of each of the three reactants defined above are 
dissolved in any suitable unreactive solvent, such as 
toluene, tetrahydrofuran, dioxane, or other unreactive 
hydrocarbon solvents, and stirred while maintaining a tem- 
perature of about 0* to about 100* C, preferably room tem- 
perature, for about one-half hour to about 4& hours, pre- 
ferably about three to about 20 hours, sufficient to en- 
sure complete reaction* Any suitable pressure can be 
used, although atmospheric pressure is preferred. The 
solvent can be removed from the reaction mixture in any 
suitable manner, for example, by distillation, including 
vacuum distillation, if necessary, leaving behind the 
novel compound defined above. On the other hand, a second 
solvent in which the desired product is insoluble, such as 
heptane, can be added to the reaction product to precipi- 
tate the novel compound therein. The novel compound can 
be recovered, for example, by filtration, decantation or 
by centrifuging. 

The following procedure, Procedure II, relates 
to the preparation of novel nickel ylides wherein the sul- 
fonato group is located in R 1# R 2 # and/or R 3 . In this 
procedure, the first step involves reacting a ligand, de- 
fined by the formula: 




wherein R ±9 R 2 , R 3 and P are as defined above, pro- 
vided that at least one of R 1# R 2 and R 3 is a sulfonato 
group or an alkyl, aryl, alkenyl, cycloalkyl, aralkyl or 
alkaryl, as defined above, carrying a sulfonato group, 
with an alpha substituted ketone or aldehyde or an alpha 
30 substituted thioketone or thioaldehyde defined by the 
following formula: 
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M X 
R 8 — C-C-R 7 
H 

wherein R ? , R g ana M are as defined above and X is a 
halogen radical selected from the group consisting of 
fluorine , chlorine, bromine and iodine, preferably chlor- 
ine and bromine, a tosyl group (a toluene sulfonate group), 
or an acetate group. The sulfonated ligand can be obtained 
in any conventional manner by sulfonating the appropriate 
trihydrocarbyl phosphine, arsine or stibine or by sulfonat- 
ing using the procedure employed in Procedure X* Specific 
examples of ligands that can be used includes allyldiphen- 

10 ylphosphine ; benzyldiphenylphosphine ; bis { 3-aminopropyl ) - 
phenyl phosphine ; bis( 2-cyanoethyl)phenylphosphine? bis(m- 
f luorophenyl ) phosphinous chloride ; 4-bromophenyldiphenyl- 
phosphine; n-butyldiphenylphosphine ? t-butyldiphenylphos- 
phine; 2-cyanoethyldiphenylphosphine7 cyclohexyldiphenyl- 
phosphine; n-decylphenylphosphine; diallylphenylphosphine;. 
di-n-amylphenylphosphine; di~sec-butylphenylphosphine? di- 
cyclohexylphenylphosphine ? di-ethylphenylphosphine ; di-n- 
heptylphenylphosphine; di«n-hexylphenylphosphine ; di- 
methylphenylphosphine; dimethyl-p-tolylphosphine ; di- 

20 phenyl-n-butoxyphosphine? diphenylchlorophosphine? di- 
phenylenephenylphosphin^? diphenyie^hoxyphosphine? di- 
phenylmethoxyphosphine; diphenylphosphine ? beta-diphenyl- 
phosphinoethyltriethoxysilane? di-iso-propylphenylphos- 
phine ; di-o-tolylphenylphosphir*e ? divinylphenylphosphine % 
ethyldiphenylphosphine ? n-hexyldiphenylphosphine ; o- 
methoxyphenyldiphenylphosphine? ( 2-methylbutyl)diphenyl- 
phosphine? methyldiphenylphosphine? aiathylethylphenylphos- 
phine? methylphenylphosphinei neomenthyldlphenylphosphine; 
pentaf luorophenyldiphenylphosphine? (2-phenylbutyl)di- 

30 phenylphosphine ; phenyldi-n-butoxyphosphine; phenyldi- 
chlorophosphine; phenyldiethoxyphosphiney phenyldimethoxy- 
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phosphine; phenylphosphine; isopropyldiphenylphosphine; n- 
propyldiphenylphosphine; o-tolyldiphenylphosphine ; p- 
. tolyldiphen'yl phosphine; tribenzylphosphine; tris(m-chloro- 
phenyl ) phosphine ; tr is (p-chlorophenyl ) phosphine ; tri ( 1- 
naphthyl ) phosphine; triphenyl phosphine; tris ( 4-dimethyl- 
aminophenyl ) phosph ine ; tr is ( p-f luorophenyl ) phosph ine ; 
tr is (o-methoxyphenyl ) phosphine ; tris ( p-methoxyphenyl ) phos- 
phine ; tr i-o-tolylphosphine ; tr i-ra-tolylphosphine ; tr i-p- 
tolylphosphine ; vinyldiphenylphosphine; sodium diphenyl- 
10 pho sph inebenzene-3-sul f onate ; d isod ium phenylphosphine- 
bis(benzene-3-sulfonate) ; dimethylphenylarsine; raethyldi- 
phenylarsine; triphenyl ar sine; tri-p-tolylarsine; diphenyl- 
chloroarsine; and triphenyl antimony. Specific examples of 
such alpha substituted ketones or aldehydes and of alpha 
substituted thioke tones or thioaldehydes that can be used 
herein include; phenacylchloride; phenacylbromide; alpha- 
acetoxyacetophenone ; alpha-bromo-2 • -ace tonaphthone ; alpha- 
bromoace tone ; 3-bromocamphor ; alpha-bromo-p-chloroaceto- 
phenone ; alpha-bromo-2 • , 4 1 -dimethoxy ace tophe none ; alpha- 
20 bromoiosbutyrophenone ; alpha-bromo-o-methoxyacetophenone ; 
alpha-bromo-m-methoxyacetophenone ; alpha-brorao-p^methoxy- 
ace tophenone ; alpha-bromo-4 ■ -methylacetophenone ; p-bromo- 
phenacrylbromide ; alpha-bromopropiophenone ; chloroacetone ; 
alpha-chloro-p-f luoroace tophe none ; alpha-chlorobutyrophen- 
one; p-chlorophenacylchloride; alpha-chloropropiophenone; 
alpha-chlorothioace tophenone ; alpha-bromothioacetophenone ; 
alpha-chloroethylnaphthylketone ; alphachloromethylacetate ; 
alpha-bromomethylacetate ; alphachloroe thyl acetate ; alpha- 
bromoethylacetate; alpha-chloropropylacetate; alpha- 
30 chlorobutylacetate * alpha-chlorophenylacetate ; alpha- 
chloro-p-sulf onatophenyl acetate ; alpha-bromopropyl acetate; 
alpha-bromobutylace tate ; alphabromophenylace tate ; and 
. alpha-bromo-p-sulf onatophenyl ace tate. 

The reaction between the sulfonated ligand and 
the ketone or aldehyde is carried out using about equal 
molar amounts of each reactant while they are dissolved in 



# 
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an appropriate hydrocarbon solvent, such as toluene or 
tetrahydrofuran, and the reaction is carried out at a tem- 
perature of about 20* to about 200*C, preferably about 
50* to about 150*C., and any suitable pressure, preferably 
atmospheric, for about one to about 24 hours, preferably 
for about two to about eight hours. The reaction mixture 
is then cooled, preferably to room temperature. If a 
solid results from such cooling it is recovered in any 
suitable manner, for example, by filtration, decantation 
10 or by centrifuging. If solids do not form, the reaction 
mixture can be subjected to distillation to remove sol- 
vents therefrom, leaving behind novel solid material, 
which is a salt defined by the following Formula III: 



*2$ F - C - C - R 8 X 
*3 H . 

wherein R 1# R 2 , R3, Kj, Rg , F, M ana X are as defined in 
the previous paragraph. 

To convert the above salt to the corresponding 
ylide, the salt is reacted with a stoichiometric amount 
of a base, such as an alkali metal hydroxide (sodium or 
potassium hydroxide) , an alkyl or aryl lithium (n-butyl 

2a lithium, methyl lithium or phenyl lithium) , an alkoxide 
(sodium methoxide or potassium t-butoxide), a hydrocarbyl- 
substituted ammonium hydroxide ( benzyl trime thy 1 ammonium 
hydroxide), ammonium hydroxide, ammonia, etc. This, can be 
done, for example, by suspending or dissolving the salt in 
a suitable liquid, such as water, an alcohol (ethanol or 
isopropanol ) , an aromatic (benzene or toluene), a hydro- 
carbon (hexane or heptane>, etc. The reaction temperature 
can range from about room temperature to about 200*C, 
preferably from about room temperature to about 50*C, and 

30 the reaction time from about one minute to about four 
hours, or even longer, but preferably from about one to 
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about two hours* Elevated pressures can be used, although 
atmospheric pressure will suffice. Zf the ylide obtained 
is a solid, recovery can be effected by filtration, decan- 
tation or by centrifuging. If the ylide is dissolved in 
the solvent, simple distillation is sufficient to remove 
the solvent, leaving behind the solid ylide. In some 
cases in association with the ylide so recovered will be 
the salt corresponding to the base that was used. For ex- 
ample, use of sodium hydroxide produces the corresponding 
sodium salt. The salt and the desired ylide can be sep- 
arated from each other in any convenient manner, for ex- 
ample, by extraction with a solvent that will dissolve one 
and not the other. For example, aromatics, such as tolu- 
ene, can be used to dissolve the ylide, while water can be 
used to dissolve the salt. The novel ylide obtained can 
be defined by the following Formula IV: 

M 
I 

C — s> 

wherein R^, R 2 , R 3 , R 7 , R g , F and M are as defined in 
Formula III. 

The above identified ylide (Formula IV) is then 
reacted with (1) a ligand defined by the formula: 




fehere R^, R^, and R 6 can be a hydrocarbyl, as defined 
above, a sulfonated hydrocarbyl or a sulfonato group, and 
£ is as defined above; and (2) a zero valent nickel com- 
pound, following the procedure of Procedure I. Specific 
examples of ligands that can be used include: allyldi- 
phenylphosphine ; benzyldiphenylphosphine ; bis ( 3-aminopro- 
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pyl ) phenylphosphine ; bis ( 2-cyanoethyl>phenyl phosphine; 
• bis (ro-f luorophenyl ) phosphinous chloride ; 4-bromophenyldi- 
phenylphosphine; n-butyldiphenylphosphine; t-butyldiphenyl- 
phosphine; 2-cyanoethyldiphenylphosphine; cyclohexyldiphen- 
ylphosphine ; n-decylphenylphosphine ; diallylphenylphos- 
phine; di-n-amylphenyl phosphine; di-sec-butylphenylphos- 
phine; dicyclohexylphenyl phosphine; diethylphenylphosphine; 
di-n-heptylphenylphosphine; di-n-hexylphenylphosphine; di- 
methyl phenylphosphine? dimethyl-p-tolylphosphine; di- 
10 phenyl-n-butoxyphosphine; diphenylchlorophosphine; di- 
phenylenephenylphosphine ; diphenylethoxyphosphine ; di- 
phenylmethoxyphosphine ; diphenylphosphine ; beta-diphenyl- 
phosph i noe t hyl t r ie t hoxy s ilane ; d i-iso-propylphenylphos- 
phine ; di-o-tolylphenylphosphine ; divinylphenylphosphine ; 
ethyldiphenylphosphine; n-hexyldiphenylphosphine ; o- 
roethoxyphenyldiphenylphosphine; ( 2-methylbutyl ) diphenyl- 
phosphine; methyldiphenylphosphine; methylethylphenylphos- 
phine; methylphenylphosphine; neomehthyldiphenyl phosphine; 
pentaf luorophenyldiphenylphosphine; (2-phenylbutyl)di- 
20 phenylphosphine ; phenyldi-n-butoxyphosphine; phenyldi- 
chlorophosphine; phenyldiethoxyphosphine; phenyl dime thoxy- 
phosphine; phenylphosphine; isopropyldiphenylphosphine; n- 
propyldiphenylphosphine; o-tolyldiphenylphosphine; p- 
tolyldiphenylphosphine ; tribenzylphosphine ; tris (m-chloro- 
pheny 1 ) phosphine ; tris ( p-chlorophenyl ) phosphine ; tr i ( 1- 
naphthyl ) phosphine ; triphenylphosphine ; tris ( 4 -dimethyl- 
aminophenyl ) phosphine ; tr is ( p-f luorophenyl ) phosphine ; 
tris ( o-methoxyphenyl ) phosphine ; tris ( p-me thoxyphenyl ) phos- 
phine; tri-o-tolylphosphine; tri-m-tolylphosphine; tri-p- 
30 tolylphosphine; vinyldiphenylphosphine; sodium diphenyl- 
phosphinebenzene-3-sulf onate; disodium phenylphosphine- 
bis(benzene-3-sulfonate) ; dimethylphenylarsine; methyldi- 
phenylarsine; triphenylarsine ; tri-p-tolylarsine; di- 
phenylchloroarsine; triphenyl antimony; triphenylamine; 
tribenzylamine; me thyldiphenyl amine ; dimethylphenylamine; 



•(D046331 



- 22 - 

bis (2-cyanoethyl) phosphine; bis(diraethylamino)methylphos- 
phine ; t-butyldichlorophosphlne; 2-cyanoethylphosphine ; 
cyclohexyl phosphine; di-t-butylchlorophosphine ; dicyclo- 
hexylphosphine; diethylethoxyphosphine; diethyl-iso-pro- 
poxyphosphine ; diethylphosphine ; triallylphosphine ; tr i- 
iso-butylphosphine ; tri-n-butylphosphine ; tr i-sec-butyl- 
phosphine ; tri-t-butylphosphine ; tr iethylphosphine ; tr i- 
n-hexyl phosph ine ; trimethylphosphine ; tr if luorophosphine ; 
tri-iso-propylphosphine; tri-n-propylphosphine; tris(2- 
cyanoe t hyl ) phosph ine ; tr i s { d ime thy 1 amino ) phosph ine ; tr i s - 
( trimethylsilyl ) phosphine ; tri-n-butylantimony ; tr iethyl- 
arsine ; trimethyl ars ine ; methyldiiodoarsine ; tr imethyl- 
amine; tri ethyl amine; tributyl amine; tripropyl amine; di- 
methylamine ; di-n-hexylaroine ; dicyclohexylamine ; diethyl- 
amine; tricyclohexylamine; ammonia; and phosphine. 

The following procedure. Procedure Illr relates 
to the preparation of novel nickel ylides wherein the sul- 
fonato group is in 1^, In the first step, the ylide de- 
fined by the following Formula V: 

R, H M 

R 2 — » C - C - 



*3 

wherein each of R x , R 2 , R 3 , and R Q are hydrocarbyl radi- 
cals as defined above, and each of F and M is an element 
as defined above, is sulfonated to obtain the following 
sulfonated ylide defined by the following Formula VI: 

R- SO^H M 

Rj F = C - C - R 8 



*3 

wherein each of R^ R 2 , R 3 r Rgr H and F is as defined 
in Formula V. In some cases, for example, where R^, R^, 
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r 3 and R 8 are phenyl, M is oxygen and P is phosphorus the 
following Formula VII may more accurately describe the 



R, SO," M 

1\ _i_ i ¥ 



structure: 



V^F*- c - c - *, 

This first step can be done , for example, by 
dissolving the ylide of Formula V in a suitable solvent, 
for example, a halogenated hydrocarbon , such as chloro- 
form, dichloroethane, methylene chloride or methyl chloro- 
form, or a hydrocarbon solvent, such as heptane or hexane 
and then adding S0 3 to the resulting solution. The 
10 ylide and sulfonating agent are generally employed in 
equal molar amounts, although excess sulfonating agent can 
be present, if desired. Temperatures can be in the range 
of about 0° to about 200'C, preferably from about 20* to 
about 100*C, pressures can be elevated, although atmos- 
pheric pressure is preferred, and reaction times can vary 
from about five minutes to about 24 hours, preferably from 
about ten minutes to about four hours. 

At the end of the reaction time the compounds 
defined by Formula VI or VII are recovered by any suitable 
20 means. If the sulfonated desired product is solid, re- 
covery can be effected by filtration, decantation or by 
centrifuging. If the desired product is dissolved in the 
reaction medium, recovery can be effected by distillation 
to remove the solvent therefrom. 

The sulfonated product is converted to the cor- 
responding ylide by reacting the same with a base, such as 
an alkali metal hydroxide (sodium or potassium hydroxide), 
an alkyl or aryl lithium (n-butyl lithium, methyl lithium 
or phenyl lithium), an alkoxide (sodium methoxide or 
30 potassium t-butoxide), a hydrocarbyl-substituted ammonium 
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hydroxide ( benzyl trimethylammonium hydroxide), ammonium 
hydroxide, ammonia, etc., to produce the following ylide 
defined by Formula VIII: 




wherein R^, R 2 , R3, Rgr F and M are as defined in Formula 
VI and A is the cationic portion of the base used. This 
can be done, for example, by suspending or dissolving the 
sulfonated ylide in a suitable liquid, such as water, an 
alcohol (ethanol or isopropanol) , an aromatic (benzene or 
toluene), a hydrocarbon (hexane or heptane), etc. The 

10". reaction temperature can range from about room temperature 
to about 200 # C, preferably from about room temperature to 
about 50*C, and the reaction time from about one minute 
to about four hours, or even longer, but preferably from 
about one to about two hours. Elevated pressures can be 
used, although atmospheric pressure will suffice. If the 
ylide obtained is a solid, recovery can be effected by 
filtration, decantation or by centrifuging. If the ylide 
is dissolved in the solvent, simple distillation is suf- 
ficient to remove the solvent # leaving behind the solid 

20 ylide. 

The sulfonated ylide defined by Formula VIII is 
then reacted with (1) a ligand defined by the formula: 




wherein R 4 , R s , and R g can be hydrocarbyl, as defined 
above, a sulfonated hydrocarbyl or a sulfonato group, and 
E is as defined above; and (2) a .zero valent nickel cop- 
pound, following the procedure of Procedure I. Specific 
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10 



20 



30 



examples of ligands that can be used include those pre- 
viously set forth in Procedure II as examples of the 
ligand: 




The novel nickel ylides produced herein, defined 
generically by Formula I, can be employed to oligomerize 
ethylene. This can be done, for example, by dissolving 
the nickel ylide in an appropriate solvent, such as tolu- 
ene, dioxane, tetrahydrofuran, anisole, methanol, etc., 
such that the concentration therein will be in the range 
of about a. 0001 to about 10 moles per liter of solvent, 
preferably from about 0.001 to about 1.0 mole per liter 
of solvent. In certain modifications of the process r a 
portion fef the oligomer product can suitably serve as at 
least a part of the reactor diluent. Ethylene is then 
added to the reaction zone and pressure is maintained 
therein within the range of about 10 to about SO0O pounds 
per square inch gauge {about 70 to about 35,000 kPa) , pre- 
ferably about 50 to about 1200 pounds per square inch 
gauge (about 350 to about 8400 kPa) . Its concentration in 
the solution will be in the range of about 0.001 to about 
20 moles per liter, preferably about 0.01 to about 10 
moles per liter. The temperature is maintained between 
about -20- to about 200*C, preferably about 30* to 
about 150'C, while the reaction time can be from about 10 
minutes to about 72 hours, but preferably from about one 
to about eight hours. During the reaction, the reaction 
mixture is stirred. 

Solvent can be removed from the remaining pro- 
duct by any convenient means, for example, distillation, 
extaction or absorption, after which the olefinic oligo- 
mers can also be recovered by distillation or extraction. 
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leaving behind the nickel ylide catalyst* After removing 
the unreacted olefin from the solvent mixture, the pro- 
duct can be extracted with a polar solvent, such as am- 
monium hydroxide or water, to remove nickel ylide, cata- 
lyst or catalyst residues therefrom. Separation of sol- 
vent from oligomer can be effected in a suitable manner, 
for example, by distillation. If the reaction is carried 
out in an appropriate polar solvent, such as methanol, 
the reaction mixture will resolve itself into a lower sol- 
10 vent therein, and an upper layer composed of small amounts 
of solvent and the oligomer. In such case, after removing 
unreacted olefin, the two layers are separated from each 
other, for example, by decantation, and the oligomer and 
solvent can be separated from each other as previously 
described. 

The following examples illustrate the invention, 
and are not intended to limit the invention, but rather, 
are presented for purposes of illustration. 

Example I 

20 This example is illustrative of Procedure I. To 

20 milliliters of 30 percent fuming sulfuric acid there 
were added slowly with cooling 10 grams of triphenylphos- 
phine. The solution was then heated to 80 # C. and every 
five minutes the solution was tested by adding one drop of 
the solution to water until a clear solution was obtained. 
The reaction mixture was cooled to room temperature, 
poured into 200 cc of water and neutralized with 10 per- 
cent aqueous sodium hydroxide. After setting the solution 
overnight at room temperature, the desired product sepa- 

30 rated by crystallization and was recovered by filtration. 
The recovered product, sodium diphenylphosphinobenzene-3- 
sulfonate has the following structure: 




(Compound 1) 
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To 1.40 grams of bis (cyclooctadiene) nickel (5.1 
millimoles) in 30 milliliters of toluene, under an argon 
atmosphere there was added a solution of 1.86 grams of 
Compound 1 (5.1 millimoles) and l.*4 grams (5.1 milli- 
moles) of. benzoylme thylenetriphenylphosphorane : 



Ph H ° 

Ph — P - C - C - Ph 



Ph" 

(Compound 2) 

in 20 milliliters of toluene. After stirring for 18 hours 
at room temperature, the reaction mixture was heated to 
50'C. to remove the solvent under a reduced pressure of 10 
to 100 millimeters of mercury. The reaction mixture was 
10 transferred to an argon filled dry box and dissolved in 
toluene. Hexane was added to precipitate the product 
identified below as novel Compound 3. A total of 3.13 
grams in 76 percent yield of the compound was recovered. 




H 

-Ph 



(Compound i) 



Example II 

This example is illustrative of Procedure IX. 
To 4.65 grams of alpha^chloroacetophenone (0-4)3 mole J in 
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150 milliliters of toluene there were added 10*92 grams of 
Compound T (0.03 mole)* This was heated to reflux under 
argon for five hours and then cooled and filtered. A 
total of 14.52 grams of the novel phosphoniura salt: 




(Compound 4) 



was obtained which was suspended in ethanol/water and 
titrated with 10 percent sodium hydroxide to a phenol- 
phthalein end point. The ethanol was removed in vacuo 
and the product was washed with toluene to remove a small 
amount of unsubstituted benzoylmethylene triphenylphos- 
phorane (1.2 grams). A total of 12.89 grams of the 
following novel phosphoniura compound: 




(Compound 5) 

was obtained in 89 percent yield. 

To 1.38 grams of bis(cyclcoct2diene)nic?rel 
(five millimoles) in 70 milliliters of tetrahydrof uran 
there was added a mixture of 1.31 grams of triphenylphos- 
phine (five millimoles) and 2.41 grams of Compound 5 
(five millimoles) dissolved in 70 milliliters of tetra- 
hydrof uran. This was stirred at, room temperature for 18 
hours, after which the solvent was removed in vacuo . The 
resulting product was dissolved in toluene and filtered. 
Heptane was then a^ded to precipitate the following novel 
nickel ylide: 



0046331 



- 29 - 




10 



(Compound 6) 
Example III 

This example is illustrative of Procedure 111. 
To 4.01 grams of pyridine (0.05 mole) in 250 milliliters 
of dichloroethane there was added 6.97 grams of sulfur 
trioxide (0.087 mole) at 0*C~ under nitrogen. After 
stirring for 0.5 hour, a solution of 19.05 grams of unsub- 
stituted benzoylmethylenetriphenylphosphorane (0.05 mole) 
in 200 milliliters of dichloroethane was added. This was 
then heated to reflux for one hour. The reaction mixture 
was cooled to room temperature and the solvent removed in 
vacuo . The resulting product was then suspended in ethyl 
alcohol and filtered to give 19.7 grams of a white solid 
of the following phosphonium salt in 86 percent yield: 

O H 
Ph - C - C - P + Ph 3 
I _ 

so 3 



(Compound 7) 

Compound 7 was also prepared as follows. To 29 
grams of benzoylmethylenetriphenylphosphorane (0.076 mole) 
in 500 milliliters of dichloroethane at 25*C. und«r nitro- 
gen there was added 5.47 milliliters, of sulfur trioxide 
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(0.132 mole). After stirring for 18 hours the solvent 
was removed in vacuo . Then 450 milliliters of ethanol and 
. 50 milliliters of water were added and the mixture stirred 
for one-half hour. The product was filtered and washed 
with ether to give 31.8 grams , 87 percent yield , of Com- 
pound 7. 

Compound 7 was then suspended in water and ti- 
trated with 10 percent aqueous sodium hydroxide to a 
phenolphthalein end point. The water was then removed in 
10 vacuo and final traces removed via ethanol azeotrope to 
give 20.7 grams of the following novel ylide in 86 percent 
yield : 

O .Ph 
Ph - C - C - P>— Ph 

Ph 



S0 3 ~Na + 



(Compound 8) 



The novel nickel ylide , defined below, as Com- 
pound 9, was prepared as follows. To 1.38 grams of bis- 
(cyclooctadiene) nickel (five millimoles) in 30 milliliters 
of tetrahydrofuran there was added a mixture of 1.31 grams 
of triphenylphosphine (five millimoles) and 2.41 grams of 
.Compound 8 (five millimoles) dissolved in 70 milliliters 
of tetrahydrofuran. The reaction mixture was stirred for 
20 is hours at room temperature , after which solvent was re- 
moved in vacuo . The resulting solid was dissolved in tol- 
uene and filtered. A yellow solid, which precipitated 
upon addition of heptane , was recovered by filtration. A 
total yield of 3.65 grams of Compound 9 was recovered in 
91 percent yield. 
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Ph Ph • 
\t>^ n en "Ma 



Ph ^P- — C — SO, Na 

»v >< o I h 

Ph-P O C Ph 

Ph 



(Compound SL) 



When Example III above was repeated except that 
Compound 7 was titrated with potassium hydroxide, ammonium 
hydroxide and trime thy lphenyl ammonium hydroxide in place 
of 10 percent aqueous sodium hydroxide the following novel 
nickel ylides, respectively, were obtained: 



Ph . Ph 

Ph / p — C so 3~ K+ 

Ph ^Ni 3 I 

Ph-P' C Ph 

Ph' 



(Compound 10) 



Ph Ph 
Ph ^P— C SO ~nh/ 

p,. ^ ~)| 

Ph-P o C Ph 

Ph 



(Compound 11) 



•b 
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and 



Ph Ph 

Ph ^P C SO,~[N(CH-),CH,Ph] + 

Ph— P C Ph 

s 

Ph 



(Compound 12) 

In producing Compounds 10, 11 and 12 identified 
above, it is apparent that the following ylides corres- 
ponding to Compound 8, respectively, will also be ob- 
tained: 



O 

Ph - C - C « .P Ph- 

1 - + 3 
S0 3 K 



(Compound 13) 



and 



O 

Ph - C - C « p ph- 
s °3 NH 4 

(Compound 14) 



O 

Ph - C - C » P Ph, 



S0 3 "" [N(CH 3 ) 3 CH 2 Ph] + 
(Compound 15) 
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Example IV 

. several runs were carried out wherein in each 
instance there was charged 0.1 millimole o£ 
^TslM. catalyst expounds 3, 6 and 9. each dissolved 
in 100 milliliters of toluene. During the reactions 
precautions war. taken to exclude air contaminate £ 
performing the reactions in an argon atmosphere. The 
«.cti" mixture was then heated to 50'C. and pressured 
with ethylene to obtain a partial pressure thereof of 200 
^nds per sgeare inch gauge ,1400 KPa,. The react.cn 
Tisture waa stirred throughout the reaction perxod of two 
hours, during which time the temperature and pressure were 
lintalned constant. At the end of the 
the reaction mixture was cooled to room t-F™«» £ 
unreacted ethylene removed therefrom by di.ttll.taon. The 
amount of oligomer produced was determined and compared 
with the activity for the compound reported by the Keim et 
al article previously discussed. The results obta.ned are 
set forth in Table III. 

TABLE III 

Activity: Moles Ethylene 
B4rkel yiide Converted Per Mole of 

Run Nl Stii3st ' wielcel Catalyst 

No. Catalyst, — 

I Keim et al specific catalyst 6,000* 
II Compound 3 * 

III Compound 6 ' 

- a 20,022 
IV Compound 9 

♦Reported by Keim et al 

Each of Compounds 6 and 9 is more active than 
the unsulfonated nickel ylide of Keim et al. An addition- 
al advantage of each of Compounds 3, 6 and 9 over that of 
Keim et al lies in their easy recovery from the reaction 
product* 
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Example V 

An additional series of runs were carried out 
similar to Run No« IV but wherein the reactions were 
carried out at specific elevated temperatures. These data 
are summarized below in Table IV. 

TABLE IV 

Run Temperature, Activity: Moles Ethylene Con- 
No. *c. verted Per Mole of Nickel Catalyst 



IV 


50 


20,022 


V 


70 


16,811 


Y 1 


90 


3,123 


VII 


120 


3,814 


VIII - 


150 


816 



Although the invention has been described in 
considerable detail with particular reference to certain 
preferred embodiments thereof , variations and modifica- 
tions can be effected within the spirit and scope of the 
invention as described hereinbefore , and as defined in the 
appended claims. 
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^nicsel ylide defined by the following formola: 




» » p p. R R B and R a are either alike 

having from one to 2.4 carbo . hayiI1B tron 

frOT si* to 20 ^/'^^Xadical. having from 
*» to 30 carbon atoms, evoloalfcy 1 radlotllB hav- 

thr ee to 40 carbon atoms am* * radicle, hydrcyl, 

— ro:T\:r y ra: r icrre y ; m ^ or - 
arTi,^Ci, Vr^-rsitr^-. 

or antimony. 

2 A nickel ylide as claimed in claim 1 wherein > and 
are both phosphorus and M is oxygen. 

, , * -»« olaim 1 or claim 2 wherexn 
a „4-kel vlide as claxmed in claim a 
3. A nxckel yAxae and /or and at least one 

the sulfonate group is xn R 4 , R & and/or * 6 

of R 4 , R 5 *« d H 6 is ary1 ' 4 _ h of 

a sulfonato group. 

5 . A nlcael ylide as claimed in claim 4 -herein each of 
H , k 2 , B, and E 8 is Phenyl and » ? is hydrogen. 
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6. A nickel ylide as claimed in claim 1 or claim 2 wherein 
the sulfonato group is in R^ f R 2 and/or Rg. 

7. A nickel ylide as claimed in claim 6 where in each of 
H lf R 2 and Rg is phenyl, one of which is substituted with 
a sulfonato group, 

8. A nickel ylide as claimed in claim 7 wherein each of 
R 4 , R g , R 6 and R g is phenyl and R ? is hydrogen. 

9. A nickel ylide as claimed in claim 1 or claim 2 wherein 
R 7 comprises a sulfonato group. 

10. A nickel ylide as claimed in claim 9 wherein each of 
R lf R g , Rg, R 4 , Rg, R 6 and R g is phenyl and R ? is a 
sulfonato group . 

11. The soditam salt of a nickel ylide claimed in claim 5 
or claim 8 or claim 10. 

12. The potassium salt of a nickel ylide claimed in claim 10. 

13. The ammonium salt of a nickel ylide claimed in claim 10. 

14. The trimethylammonium salt of a nickel ylide claimed in 
claim 10. 
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